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METHOD AND APPARATUS ALLOWING A FIG. 7 illustrates another regulator including a switching 

BATTERY TO REGAIN CHARGE IN A element to affect regulating characteristics, under an 

HANDHELD DEVICE WITHOUT AN embodiment of the invention. 

APPLIED EXTERNAL CHARGE WHILE FIG. 8 is a voltage profile diagram of an output of the 

STILL SUPPLYING POWER SELECTED 5 regulator such as shown by FIGS. 3 and 7, compared with 

DESIGNATED COMPONENTS an output of a battery module of the handheld computer, 

under an embodiment of the invention. 



RELATED APPLICATIONS 



DETAILED DESCRIPTION 



This application incorporates by reference in its entirety 

the content of U.S. patent application Ser. No. 09/587,087, ™ A, System Overview 

entitled Power Management System for a Handheld ^ embodiment of the invention provides a regulator for 

Computer, filed May 31, 2000. a handheld computer. The regulator receives a voltage 

supplied from a battery module, and outputs a logic level 

BACKGROUND OF THE INVENTION voltage to components of the handheld compute r. The regu- 

1 Field of the Invention 15 * ator re S u ^ ates lne battery voltage to extend the life of the 

™ . . , , n , ■, <• i „ 1 1 battery module. 

This invention relates to the field of handheld computers. T , . 4U i * • i * • 

j . . . . . * c In an embodiment, the regulator implements a bypass 

In particu la r, the invention relates to battery management of , *u u ** il j i_ i j • * j i i 

handheld computers when the battery voltage drops below a designated level. 

/ * When the bypass is implemented, the output of the regulator 
2. Description of the Related Art 20 the battery voltage received by the regulator. In an 
Handheld computers are portable battery-operated units. embodiment, handheld computer can perfo rm, s nmp flin ^- 
Typically, handheld computers are used in the field, or tions when the bypass mode is implemented, such as main - 
carried on a person. The handheld computers may be docked tain a sleep mode, preserve memQLV^or^SQUJid.an alarm .In 
with personal computers to exchange or synchronize infor- another embodiment, handheld computer 100 includes a 
mation. Functions provided by handheld computers include 25 monitoring module to remove most of Jhe loaoLJtomjSe" 
management of databases, such as for example, calendars "battery, when the voltage level of the battery mnHnle dmjT 
and phone numbers. below a certain level . When the load is removed, the battery 
Battery management is an important consideration for module regains some voltage. The extended life of the 
handheld computers. Improved battery management pre- battery module is then used to preserve memory, 
serves costs associated with replacing batteries for the 30 Among other advantages, embodiments of the invention 
handheld computer. provide for a handheld computer having an extended battery 
Increasingly, handheld computers employ rechargeable life. Further, regulating components such as voltage boosters 
batteries. To recharge batteries, handheld computers are are eliminated, thereby simplifying regulator circuitry and 
docked in docking stations or coupled to electrical outlets. extending battery life of the handheld computer. 
The portability of these handheld computers is limited by the 35 B. Handheld Computer for Use with an Embodiment 
need to recharge or replace the batteries of the handheld FIG. 1 illustrates a handheld computer 100 for use with an 
computer, embodiment of the invention. An exemplary handheld com- 
puter includes, for example, Palm Pilot®, Palm III®, Palm 
SUMMARY OF THE INVENTION y® or Palm VII® organizer manufactured by Palm, Inc. 
A handheld computer is provided a regulator to manage a 40 0tner exemplary handheld computers include devices oper- 
battery module. The regulator receives a battery voltage, and atin S on a Windows CE® operating systems. 
outputs a regulated voltage for logical components, of the In an embodiment, handheld computer 100 includes a 
. handheld compute r. When an amplitude of the battery volt- housing 110. A display 120 is accessible from a front of the 
age is greater than a designated operational voltage level, the housing 110. The display includes a Graffiti® writing sec- 
regulator reduces or bucks t he ba ttery voltage to output! 45 tion 118 t0 dlovr users to select menus and enter informa- 
regulated voltage profile tor components of the handheld lion - A plurality of application buttons 130 are available 
computer . When the amplitude of the battery voltage is less ^ om the front of the housing 110. A rocking switch actuator 
than the designated operational voltage, the regulator imple - 135 ^ positioned on a surface of housing 110 to manipulate 
. ments a lull duty-cycle to output an unregulated voltage that or change the configurations of display 120. A speaker (not 
^matches the battery vo ltage^beingjsup phed to the regulator. 50 shown) may be provided on a surface of the housing 110. 
" — The handheld computer 100 may include an infra-red port 
BRIEF DESCRIPTION OF THE FIGURES 140 to transfer and receive information across one type of 
FIG. 1 illustrates a handheld computer, under an embodi- ™** l f* medium - ^ bandhled computer 100 may also 
ment of the invention. include a port to enable communications with another 
' f . 11 u 55 device, such as for example a communication cradle (not 
FIG. 2 is a flow process for managing power in a handheld 0 u„„ m \ t-u^ ^ -5 ji u i j * 
. r ... . T.u shown). The communication cradle may be employed to 
computer, under an embodiment of the eon. . . . r • * . . 

_ . _ r synchronize or transfer information to another computer, 

FIG. 3 is a flow process for managing power in a handheld such as a desktop computer 

computer, under an embodiment of the intention. The handheld computer 100 mav op erate in different 

FIG. 4 is a block diagram of internal components of a 6Q power states . As described herein, handheld computer 100 

handheld computer, under an embodiment of the invention. may be awaxe, in which case input and output components 

FIG. 5 is a block diagram of a handheld computer with a of handheld computer are operable. The handheld computer 

power management module under an embodiment of the 100 may be asleep, in which case the handheld computer is 

invention. operable, but not active. When sleeping, handheld computer 

FIG. 6 is a voltage profile diagram for an output of the 65 may be switched to an awake state through user-input. The 

regulator such as shown by FIG. 3, compared output of a handheld computer 100 may also implement a lock-ou t, in 

battery module for the handheld computer. which case the handheld computer may be asleep or oper- 
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ating in a reduced power state , while locking the user out performs minimal functions, while memory is being sus- 

trnrn p^^^g Timpur r to an awake state . In one taine d. User- interaction is prevented during the lock-out, 

embodiment, battery power is used primarily to preserve Other internal components of handheld computer 100 may 

memory when handheld computer 100 is in the lock-out l hp. signa led to , sto p drawing power from the battery module! 

state. The handheld computer 100 may also be in a reset 5 Preferably, the designated operational level is 3.6 volts, 

state. In the reset state, the handheld computer 100 is When the source voltage is greater than 3.6 volts, the 

detached from a battery source, until sufficient power is regulator reduces the source voltage to 3.6 volts . Once the 

detected from the battery to erase the memory. _ source voltage decreases bel ow 3.6 volts, the source voltage 

C. Process Flow for Managing Power to Handheld Com- passes through the regulator wun no voltage modificatio n, 

puter 10 In step 240, the source voltage is detected as to whelEer 

FIG, 2 illustrates a process for operating a power man- the source voltage is at an amnesia level. At the amnesia 

agement system, under an embodiment of the invention. The level, the source voltage is not sufficient to perform basic 

process may be implemented on handheld computer 100 operations, such as sustaining memory. Prior to reaching this 

through use of hardware components. However, other level, most components of handheld computer 100 should 

embodiments may implement the flow process through is have been switched off to stop drawing power from the 

firmware, software, or a combination of hardware and battery module. 

programming. If the source voltage is detected to be at the amnesia level, 
For discussion, handheld computer 100 is assumed to then in step 250, handheld computer 100 is in a reset state, 
operate off of a rechargeable battery module 415 (see FIG. The battery module is detected from the processor and 
4), The battery module may include one or more individual 20 memory. Once the battery module is recharged, all memory 
batteries. Preferably, the battery modules are lithium-ion in handheld computer is erased. This avoids hardware dam- 
type batteries. The battery module supplies a source voltage age to components of handheld computer 100, including the 
to power internal components of the handheld computer that memory 420, 430. 

operate at logic levels, including a processor 410 (FIG. 4) In other embodiments, the source voltage may initially be 

^and a memory 420, 430 (FIG. 4). The battery module may 25 detected for a level that is different than the designated 

also provide one or more voltages tEat are modified tor other operational level of the handheld computer 100, while the 

components not operating under logic levels. For example, regulator 550 (FIG. 5) may be configured to output the 

the battery module may provide voltages that are raised or source voltage at the designated operational level of the 

_step_ped to jsower displays, digitizers and/or analogdigita l handheld computer. For example, the source voltage may be 

converter^ 30 detected for a level of 3.8 volts. If the source voltage is 

Instep 210, the source voltage from a rechargeably greater than 3.8 volts, then the regulator reduces the source 

battery module 415 is detected as to whether the source voltage to 3.6 volts. Once the source voltage falls below the 

voltage is greater than a first threshold level. Preferably, the first detectedJevel. then the source voltage is unregulated. 

first threshold level is an operational level designated fo r Still further, in other embodiments, once the source voltA 

- handheld computer 10 0. The operational level includes a 35 age falls below the first threshold level, additional compo- 

voltage level range that is suitable for executing logical nents of the handheld computer 100 other than processor 

operations by internal components of handheld computer, 410 and memory 420, 430 may be operable. For example, a 

including processor 410 and memory 420, 430. In an user may still input data through application buttons, or use 

embodiment, the designated operational voltage level may a serial port to synchronize information from handheld 
range bet ween ft.n anrj ^ 4 yftlts. anfLprp.ferab| l y.^^bU) lt , < SL?n l 40 computer 100 to a desktop. 

,.volts> When the battery module is fully charged, the source FIG. 3 illustrates another power management process for 

voltage is greater than the designated operational level. For handheld computer 100, under another embodiment of the 

example, the maximum source voltage can be between invention. With a process described by FIG. 3, handheld 

4.2-4.4 volts. Withoutlhe battery module being recharged, computer 100 employs a "keep alive" voltage to preserve 

the, source voltage drops to t he^first ^threshold, where it is 4 5 memory. Certain types of battery modules have an inherent 

detected. characteristic of regaining some voltage once a load is 

" lit' me level of the source voltage is greater than the removed from the battery. In particular, lithium type batter- 
operational level designated for handheld computer 100, ies exhibit an inherent property of regaining voltage levels 
then the source voltage is reduced in step 220 to the after the load is removed or reduced. In an embodiment, 
operational level designated for handheld computer 100. 50 handheld computer 100 includes a battery module 415 (see 
The source voltage may be reduced by regulator 550, shown FIG. 4) having this inherent feature to prolong the duration 
in FIG. 5. in which memory can be preserved, without recharging the 

^ILthfl Jevel of the source voltage is less than the detected batteries. 

level , then in step 230, the regulator is bypassed, and the In step 310, the source voltage is detected as to whether 

source voltage is directly supplied to at least some , of Jhe 55 the source voltage is at the designated operational leve LIf 

internal components of the handheld computer. The hand- the source voltage is detected to be at or below , the.opera- 

held computerlOO does not buck or boost the source voltage _ tional levet then a lockout is initiated in step 320 . During the 

in supplying the source voltage to the handheld computer lockout, internal components oi handheld computer 100 , 

100. This is in contrast to other devices, which may boost the including input and output mechanisms, are switched to sto p 

source voltage to the operational level. 6 0 drawing power from the_ battery module .Jhe han dheld 

In an embodiment, jhe jregulator is bypassed only when computer 1 00 also Jreks^outjh e user f ro m being able to 

the-source voltage level is a^ leyjg^gia^ caimo^J ^sM y " awake p the processor or operate it in anyway . Preferably, the 

sustain. normal operations ot t^e^handfield^ ^pjo cessor ana memory are the only components receiving 

one embodiment, once the source voltage falls below the poweTfrom battery module. In this way, most of the load on 

designated operational level of the handheld computer 100, 65 The battery module is removed, so that the battery module to 

handheld computer 100 initiates a lockout of the software to regain some of its voltage without receiving an external 

preserve memory data . Onring the lockout, the processor charge. 
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The increase charge to the battery module 415 once the 
load is removed is referred as the "keep-alive" voltage. The 
keep-alive voltage is used to sustain memory voltage within 
handheld computer 100. In a keep-alive mode, the lockout 
remains in force while the battery module 415 is allowed to 
increase. 

In step 330, the source voltage is detected to determine if 
the level of the source voltage is greater than a recharge 
level. The recharge level indicates that the battery module 
415 is recharged. In an embodiment, recharge level is 
sufficiently greater than the operational level of handheld 
computer 100 to indicate that the increased charge level is 
not a result of inherent chemical characteristics of the 
battery module 415, but rather the actual presence of an 
external change. Preferably, the recharge level is 3.7 volts. 

If the source voltage is detected to be greater than the 
rechq r p ;fc 1eve) T theiLin.step 335 the_processor is signaled to 
end the lockout . The flow process then returns to step 310 . 

If the source voltage is not detected to be greater than the 
recharge level, then in step 340, the source voltage is 
detected again to determine whether the source voltage is at 
the amnesia level. The amnesia level corresponds to a 
minimum voltage designated as being the cut-off for avoid- 
ing damage to handheld computer 100. In an embodiment, 
the amnesia level is about 2.8 volts. 

Once the source voltage is detected as falling below the 
amnesia level, the handheld computer 100 resets in step 345. 
This includes erasing the memory to avoid damage. 

In other embodiments, software features may be included 
to assist managing power to components of handheld com- 
puter 100. In one embodiment, the source voltage is detected 
to be at a warning level. For example, the warning level may 
be 3.76 volts. One or more detectors may be used to detect 
the source voltage from the battery module and to signal the 
processor when the source voltage is detected to be below 
the warning level. If the source voltage is detected to be at 
the first warning level, then the warning condition is sig- 
naled to a user of handheld computer 100. Preferably, the 
warning condition is an audible or visual alert. 

The handheld computer 100 may be operable after the 
first warning condition is satisfied. For example, the pro- 
cessor may be awakened by user-input to execute one or 
more applications. Further, data may be entered into hand- 
held computer 100, display 120 may be powered to display 
data, etc. 

If the source voltage is detected to be at the first warning 
level, then a second warning condition may be detected. 
Preferably, the second warning condition is detected by 
processor 410 (FIG. 4) if the battery module 415 (FIG. 4) is 
not recharged during a designated time period after the 
source voltage was detected to be at the first warning level. 
For example, the second warning condition may be detected 
if handheld computer 100 remains in a sleep state for three 
days without being charged. The second warning condition 
may also be detected if handheld computer 100 is operated 
in an awake state for 60 minutes after the first warning 
condition is satisfied. 

D. Hardware for Power Management System of Handheld 
Computer 

FIG. 4 illustrates a block diagram of handheld computer 
100, usin g a rechargeable battery module 415 under an 
emboHlment of the invention . A power monitoring module 
435 is coupled to the battery modul e 4^ The pnwer 
monitoring module 435 regulates the source voltage for the 
internal components of the handheld computer 100. 

In an embodiment, handheld computer 100 include s inter - 
nal components such as processor 410, yola_tile_memor^420,. 



and non-volatile memorv_430 . The processor 410 is coupled 
to application buttons 462, a speaker 464, an IR port 466, 
and an output port 468. Other components that can be 
signaled by processor include universal asynchronous 

5 (UART) (not shown). The power monitoring module 435 \ 
signals processor 410 information ab o ut th e volta^ejeye) qf m \ 
the hat tery module_415 to enable the processor 410 tcT / 
manage JheJoad.. on ..me ^Qwej^suPDly. / 
In an embodiment, the first and second memory compo- ' 

10 nents 420, 430 may comprise a Flash memory and a 
dynamic random access memory (DRAM). An RS 432 level 
shifter 458 couples processor 410 to output port 468. In an 
embodiment, output port 468 is used to establish commu- 
nications with another computer such as a personal com- 

15 puter. Preferably, processor 410 is a Dragonball 68328EZ®, 
manufactured by the Motorola Corp. 

A power rail 432 carries the source voltage to components \ 
of handheldj^unpJlter lOp ^fet ^^^^ -^ij ^ 0 levels. The" ) 
power monitoring module 435 receives the source voltage 

20 ~fr° m - th e batt ery mo d u l e 415^ The power monitoring module 
43g cnn f ™ 1c thn fi^nr^ voltag e be ing supplied to power rail 
432., _ 

In an embodiment, power monitoring module 435 reduces 
the source voltage when the source voltage is above the 
25 operational level of handheld computer 100. In addition, the 
source voltage, is fed directly to power rail 432 when the 
level of the source voltage falls below a specified level , 
preferably below the operational level of handheld computer 
100. Further, power monitoring module 435 is configured to 
30 allow a keep -alive voltage of the rechargeable battery mod- 
ule to maintain memory operations in handheld computer 
100. The pnwer rnnnit nring module 435 includes compo- 
nents to sip jipl thft prrwrenr <tm detection levels of the 
source voltage. The processor 410 then implement the power 
35 ^managem ent control^ 

With further reference to FIG. 4, an embodiment includes 
a voltage modifier 456 may receive a battery input via a 
display power line 422. The voltage modifier 456 converts 
the direct current (DC) on display power line 422 to an 
40 alternating voltage with a high-gain amplitude. 

Referring to FIG. 5, a block diagram illustrates the power 
management system 500, under an embodiment of the 
invention. The pow er management sy stem 500 includes 
rechargeable battery module 415 , processor 410, and powe r 
45 monitoring unit 435. The power monitoring unit 435 
includes first detector 510, second detector 520, third-detec- 
tor j^,and_ regulator 550*. 

, regulator 550 include a buck com- 



50 



55 



60 



65 



In one embodiment, 
ponent 555. The buck component 555 refers to a character- 
istic or feature of regulator 550 that causes source voltage 
passing through the regulator to be reduced. The regulator 
555 may also include a bypass switch 560. The bypass 
switch 560 is preferably an inherent characteristic of the 
buck component 555 or regulator 550. The bypass switch 
causes the source voltage to bypass the buck component at 
specific voltage levels. For example, switch 560 may be an 
inherent characteristic of the buck component 555, caused 
by inductive properties incorporated into the buck compo- 
nent 455. The inherent characteristics of regulator 550 
determine a voltage at which the regulator stops regulating, 
and bypasses the source voltage from the battery module 
415 to power rail 432. In an embodiment, the regulator 
bypasses the source voltage when the source voltage is at the 
operational level of handheld computer 100. 

Alternatively, switch 555 can be a transistor tied to a 
switching voltage, and the switching voltage may corre- 
spond to the operational voltage of handheld computer 100 
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or another voltage. An example of this embodiment is shown 
with FIGS. 7 and 8. 

In an embodiment, first detector 510__detects ir when-the 
source voltage is at the ^peratiojiaJLlevel. Preferably, the 
minimum operational level is designated at approximately 5 
3.2 volts. The first detector 510 signals processor 410 when 

Jhe sourcevoltage reaches this level . In response, processor 
410 initiates a protective measure. 

^ In an embodiment , the.proce s so^ 

state as the protective step . During the lock-out state, the 10 
processor 410 locks out the software, and signals other 
components to stop drawing power from rail 432. The 
remaining power from battery module 415 is used to sustain 
memory. Other minimal functions may be performed, but 
once the lock-out state is initiated by processor 410, the load is 
on battery module 415 is significantly reduced, while 
memory is maintained. 

A second detector 520 is coupled to the first detector 510 

^and the battery module 415 to detectja^ rech arge event A 
recharge^eyent is detected by jgrocessor 4io only j f t n'^rst 20 

jlete^jJ UjQJha^^eadV-^ 

source voltage is below the operational level . If recharge is 
detected by processor 410 from second detector 520, both" 
the first and second detectors are reset. 

Ihe regulator 550 receives the source voltage from bat- 25 
tery module 415. The regulator reduces the source voltage if 
the source voltage is greater than the operational level of 
handheld computer 100. If the source voltage falls below the 
operational level, the regulator 550 passes the source voltage 
through without modification. In an embodiment, buck 30 
component 555 of regulator 550 is bypassed once the source 
voltage falls below the operational level. The bypass maybe 
implemented by switch 560. Inherent features of the regu- 
lator 550 detect the level of the source voltage. Therefore, 
regulator 550 operates independently of the detectors 35 
510-530. 

As mentioned Vi whenJkst detector 510 is triggered,, pro- 
cessor 410 initiates the_lo.ck-put-to43reserve memory da ta. 

^l'his reduces the load on the battery module 415 , allowing 
the battery module to increase in voltage. The level of the 40 
source voltage may increase above the operational level 

"again, once the nrst detector 510 is triggered. However, 
since second detector 520 must be triggered before first 
detector 510 is reset, the lock-out is not terminated. The_ 
second detector 520 is set to detect a voltage level tjiat is 45 

^sj)flScif,ntlv _large to clearly indicate a recharg£-fi vj&nl, rather 
than an inherent increase due to the chemistry of the 
rechargeable battery. 

The third detector 530 detects when the source voltage 
reaches a minimum level for sustaining memory operations. 50 
If the third detector is triggered by the source voltage 
reaching the amnesia level, power on the rail 432 is discon- 
tinued. Upon a subsequest power-up, if the source voltage is 
detected to be greater than the amnesia level, reset mecha- 
nism 570 signals processor 410 to reset the handheld com- 55 
puter. 

E. Voltage Profiles for Handheld Computer 

FIG. 6 is a voltage profile illustration of a profile for the 
source voltage from battery module 415 (source voltage 
profile) compared with an output of regulator 550 to rail 432 60 
(rail voltage profile), under an embodiment of the invention. 
The comparison illustrated by FIG. 6 assumes that battery 
module 415 is used continuously from a maximum charge 
without being recharged. For reference, the source voltage 
profile is designated by numeral 610. The rail voltage profile 65 
is shown by numeral 620. Voltage values provided in FIG. 
6 or elsewhere in the text are provided as examples. 
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In an embodiment, source voltage profile 610 corresponds 
to an output of the battery module 415 comprising a 
Lithium -ion type battery pack. When the battery module 415 
is operated from a fully charged state with no additional 
power input, the amplitude of the source voltage profile 610 
is assumed to decrease continuously while handheld com- 
puter 100 is used frequently. However, the features and 
characteristics of the source voltage profile 610 depend on 
the nature of use of handheld computer 100, as well as the 
power consumption characteristics of handheld computer 
100. 

The source voltage profile 610 is described with respect to 
multiple time intervals. In Interval I, the amplitude of source 
voltage profile 610 decreases non-linearly from a maximum 
voltage level. In one embodiment, the maximum voltage 
level may be approximately 4.2 volts. 

In Interval II, the source voltage profile 610 decreases 
gradually from an initial steady-state voltage level. The 
initial steady-state range may correspond to 3.6 volts. For 
description, Interval II ends when the source voltage profile 
610 has an amplitude equal to the operational level of 
handheld computer 100. During Interval I and II, the regu- 
lator 550 reduces the source voltage to a constant level 
corresponding to the operational level designated for hand- 
held computer 100. As a result, the rail voltage profile 620 
is constant during Interval I and II. 

During Interval I and II, the source voltage provided on 
rail 432 is sufficient to enable a user to have complete use of 
handheld computer 100. However, during Interval I and II, 
warning levels may be detected by software-implemented 
power management systems. 

In Interval III, the load applied to source voltage profile 
610 is removed. The load may be removed when processor 
410 implements the software lockout of handheld computer 
100. The reduction of the load on the battery module 415 
causes an increase in source voltage profile 610, due to 
internal resistence of the rechargeable battery module 415. 
The rise in voltage in Interval III is the "keep-alive" voltage. 
During keep-alive, the peak of the source voltage may be as 
much as 3.6-3.7 volts. The "keep-alive" voltage is used 
primarily to preserve the data in the memory when the load 
on the battery module 415 is reduced. 

During Interval III, the regulator 550 preferably reduces 
the source voltage when the source voltage is detected to be 
above the minimum operational level of handheld computer 
100. This prolongs the duration of the "keep-alive" voltage 
(Interval III). The rail voltage profile 620 is therefore 
constant, at the designated operational level of handheld 
computer 100. 

During Interval IV, source voltage profile 610 decreases 
below the operational level of handheld computer 100. Once 
the level of the source voltage drops below the operational 
level, the regulator 550 feeds the source voltage to power 
rail 432 without modification. When the regulator 550 is 
bypassed, the source voltage and rail voltage profiles 610 
and 620 exhibit the same or similar behavior. In other words, 
the rail voltage profile 620 decreases with the source voltage 
profile 610. 

In an embodiment, regulator 550 includes buck compo- 
nent 555, which is bypassed during Interval IV. Before 
regulator 550 is bypassed, the rail voltage profile 620 
represents a fractional duty cycle of source voltage profile 
610. After the buck component 555 is bypassed, the rail 
voltage profile 620 represents a full duty cycle of source 
voltage profile 610. 

From the maximum, the source voltage profile 610 and 
rail voltage profile 620 may decrease sharply from the peak 
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of the "keep-alive" voltage. During Interval IV, the voltage 
carried on rail 432 is used to preserve the memory data. 
Unless a recharge is detected, the level of the source voltage 
decreases until the amnesia level (2.8 volts) is detected, and 
then handheld computer 100 is reset. 5 

In this way, the "keep- alive" voltage (Interval IV) extends 
the duration in which memory can be preserved without 
recharging the handheld computer 100. Moreover, use of 
regulator 550 to reduce the source voltage to the operational 
level extends the life of battery module 415 with one charge. ^ 

In contrast, other known handheld computers do not 
implement a bypass mode or full-duty cycle when powered 
by a rechargeable battery. Some other devices implement a 
booster to boost the level of the source voltage. This reduces 
the time in which the user of handheld computer can 
recharge the battery without losing memory data. 15 
R Alternative Embodiments 

FIG. 7 illustrates a regulator 750 for use with handheld 
computer 100, under another embodiment of the invention. 
As with embodiments described by FIG. 3, regulator 750 
may be coupled within handheld computer 100 to regulate 20 
the source voltage profile from battery module 415. 

The regulator 750 may include a regulator switch 760 to 
switch the regulator into the bypass. The regulator switch 
760 may be set to switch the source voltage so as to bypass 
the buck component 755 regulator 750. Thus, the regulator 25 
750 may implement the bypass at a voltage determined by 
the regulator switch 760. The regulator switch 760 may be 
tied to a specific voltage to determine the switching level. 

FIG. 8 is a voltage profile illustration of the source voltage 
profile 610 compared with the rail voltage profile 820 for 30 
regulator 750. As shown by an embodiment of FIG. 8, 
regulator 750 is set so that buck component 755 is bypassed 
at a voltage determined by the switching voltage of a 
regulator switch 760. The rail voltage profile 820 matches 
the source voltage profile once the source voltage is detected 35 
to beat the switching voltage. In this embodiment, rail 
voltage profile 820 enables handheld computer 100 to 
include more functionality. The lock-out feature may still be 
implemented to create a keep-alive voltage. If the rail 
voltage profile 820 matches the source voltage profile 610, 40 
then the increased voltage could be used to increase func- 
tionality to handheld computer 100 during the "keep-alive", 
albeit for a shorter time period. 

In an embodiment such as shown by FIGS. 7 and 8, the 
regulator switch 460 may be set approximately to, for 45 
example, 3.6 volts. Once the voltage supplied from battery 
module 415 decreases to the switching voltage, regulator 
switch 760 causes buck component 755 to be bypassed. As 
a result, power rail 432 is supplied voltage from battery 
module 415 at a full duty -cycle. The switching voltage and 50 
regulator switch 760 may be manipulated to allow buck 
component 755 to be bypassed at a different switching 
voltage. This allows power rail 432 to operate off a full 
duty-cycle sooner or later in relation to the source voltage 
profile 610. 55 
G. Examples of Regulator Components 

An example of a regulator for use with an embodiment 
such as described with FIGS. 5-7 is a 1474 Linear Tech 
power supply controller, manufactured by Linear Tech Inc. 
The 1474 Linear Tech controller includes an inductive 60 
component to cause the source voltage to bypass modifica- 
tion. Further, 1474 Linear Tech controller produces an 
output such as described with FIG. 6. An additional switch 
may be employed with the 1474 Linear Tech component to 
create a regulator profile such as described with FIG. 8. 65 

As an alternative, a low drop-out (LDO) regulator may be 
employed with an embodiment of the invention. An example 
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of a LDO regulator includes 801 Seiko LDO, manufactured 
by Seiko Inc. While the LDO regulator may lack an induc- 
tive component such as described with FIGS. 3 and 5, the 
LDO regulator may provide bucking characteristics similar 
to embodiments described with FIGS. 5-7. A switch may be 
used to implement the bypass of the source voltage to the 
power rail 432. 
H. Conclusion 

The foregoing description of various embodiments of the 
invention has been presented for purposes of illustration and 
description. It is not intended to limit the invention to the 
precise forms disclosed. Many modifications and equivalent 
arrangements will be apparent. 

What is claimed is: 

1. A handheld computer comprising: 

a rechargeable battery module to output a source voltage; 
a power management module coupled to the battery 

module to regulate the source voltage from the battery 

module; 

a plurality of internal components including a processor 
and a memory component that draw power from the 
source voltage; and 

wherein in response to the source voltage falling below a 
first threshold, the power management module signals 
a lockout that reduces the number of internal compo- 
nents that are powered by the source voltage; 

wherein in response to the number of internal components 
that are powered by the source voltage being reduced, 
— the battery module is configured to regain a charge 
for an interval after the lockout is signaled, wherein no 
external charge is applied to the battery module during 
the interval; and 

wherein during the interval, the battery module applies 
the charge to maintain the source voltage at a level that 
is sufficient to sustain a designated one or more, but not 
all, of the plurality of internal components. 

2. The handheld computer of claim 1, wherein the level of 
the source voltage that is sufficient to sustain the designated 
one or more of the plurality of internal components has a 
peak of between 3.3 and 3.6 volts. 

3. The handheld computer of claim 2, further comprising 
a rail coupled to the power management module to extend 
the source voltage to the plurality of internal components. 

4. The handheld computer of claim 1, wherein the des- 
ignated one or more of the plurality of internal components 
includes at least one of the — memory component and the 
processor. 

5. The handheld computer of claim 2, wherein the power 
management module signals the sustaining source voltage to 
only the memory component and the processor in the 
plurality of internal components, and wherein the plurality 
of internal components include a display, a speaker, and an 
input device. 

6. The handheld computer of claim 1, wherein the power 
management module signals the lockout to the processor, 
and the processor causes some of the components in the 
plurality of components to stop drawing power from the 
battery module. 

7. The handheld computer of claim 3, wherein the power 
management module includes a first detector to detect when 
the source voltage is below the first threshold. 

8. The handheld computer of claim 7, wherein the first 
threshold corresponds to an operational level of the hand- 
held computer. 

9. The handheld computer of claim 7, wherein the power 
management module includes a second detector to detect 
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when the source voltage declines to an amnesia level that is 
designated to trigger the memory component to be erased. 

10. The handheld computer of claim 8, wherein the power 
management module signals the source voltage from the 
battery module to the rail without regulating the source 
voltage when the source voltage decreases below the opera- 
tional level of the handheld computer. 

U. The handheld computer of claim 1, wherein the battery 
module is a lithium type rechargeable battery. 

12. The handheld computer of claim 9, wherein the first 
threshold is between 3.0 volts and 3.6 volts. 

13. The handheld computer of claim 12, wherein the first 
threshold is approximately 3.2 volts. 

14. The handheld computer of claim 9, wherein the 
amnesia level is approximately between 2.7 and 2.9 volts. 

15. The handheld computer of claim 14, wherein the 
amnesia level is approximately 2.8 volts. 

16. A method for regulating power to a handheld 
computer, the method comprising 

receiving a source voltage from a battery module; 

regulating the source voltage to power a plurality of 
internal components, the plurality of components 
including a processor and a memory component; 

detecting if the source voltage is less than a first threshold; 

in response to detecting the source voltage is less than the 
first threshold, for an interval during which no external 
charge is applied to the battery module, reducing the 
plurality of internal components powered by the source 
voltage; in order to allow a charge of the battery 
module to increase; and 

sustaining a designated one or more, but not all, of the 
plurality of internal components during the interval. 

17. The method of claim 16, wherein sustaining a desig- 
nated one or more of the plurality of internal components 
during the interval the memory component. 

18. The method of claim 17, further comprising the step 
of detecting when the source voltage drops below an opera- 
tional level of handheld computer, and stopping one or more 
of the plurality of internal components from drawing power 
from the battery module when the source voltage is less than 
the operational level. 
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19. The method of claim 16, further comprising the step 
of detecting when the source voltage reaches an amnesia 
level subsequent to the source voltage reaching the operation 
level. 

20. The method of claim 19, further comprising erasing 
the memory component when the amnesia level is reached. 

21. The method of claim 16, wherein regulating the source 
voltage to power a plurality of internal components includes 
reducing the source voltage while the source voltage is 
greater than an operational level of the handheld computer. 

22. The method of claim 21, wherein reducing the source 
voltage while the source voltage is greater than an opera- 
tional level of the handheld computer includes reducing the 
source voltage with a buck component. 

23. The method of claim 22, wherein reducing the source 
voltage includes bypassing the buck component when the 
source voltage is less than the operational level of the 
handheld computer. 

24. The method of claim 23, wherein the operational level 
of the handheld computer is approximately equal to the first 
threshold. 

25. A handheld computer comprising: 

a means for receiving a source voltage from a battery 
module; 

a means for regulating the source voltage to power a 
plurality of internal components, including a processor 
and a memory component; 

a means for detecting if the source voltage is less than a 
first threshold; 

when the source voltage is detected as being less than the 
first threshold, for an interval during which no external 
charge is applied to the battery module, a responsive 
means for reducing the plurality of internal components 
powered by the source voltage in order to allow a 
charge of the battery module to increase; and 

a means for sustaining a designated one or more, but not 
all, of the plurality of internal components during the 
interval. 
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